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Abstract 
The article substantiates the importance of assessing air pollution when making town-planning decisions. It focuses on the 
composition of fine dust. The article considers the issues of describing dust concentration using the theory of stationary random 
functions. Such approach allows not only to obtain the characteristics of the particulate composition of dust in the air, but also to 
determine a number of additional parameters, namely, mean residence time of fractional concentration above the predetermined 
level, the average number of times when fractional concentration per time unit exceeds the standard. The article offers the 
methods and calculations of probability of dust concentration exceeding hygienic standards by the example of three districts of 
Volgograd. The results of these calculations are presented. Based on this research, several industries in the city received 
recommendations to reduce their emissions into the atmosphere. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
One of the urgent tasks of industrial megacities development is partial or total removal of polluting industries out 
of the city. The evaluation of possibility of replacing those industries with recreational, cultural or sports facilities 
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largely depends on air pollution of the territory. This is especially important in cases when other industries remain 
nearby [1-2], such as the case of repurposing of the part of Red October plant in Volgograd.  
Volgograd is a city with high level of pollution. To date, 100 thousand tons of untreated pollutants from 10 
thousand sources are emitted into the atmosphere. One of the main types of harmful pollutants is dust. Assessment 
of pollution with fine dust is especially important when making urban planning decisions. It has to be considered 
that in 2010 the regulations on pollution with particles less than 10 micrometer (ɊɆ10) and less than 2,5 micrometer 
(ɊɆ2,5) were introduced [3]. In addition, it should be noted that alongside with industrial emissions urban 
transportation networks also influence air dustiness.  
2. Calculation of the probability of exceeding pollution standards 
Several projects of Volgograd scientists studied the changes in the concentration and particle composition of dust 
depending on various factors of air environment in industrial cities [4-14]. However, studies dedicated to the 
forecast and assessment of further pollution based on previous research are limited. While making urban planning 
decisions this information is especially important, for example, defining the probability that the value of total dust 
concentration, ɊɆ10 and ɊɆ2,5  exceeds certain standards. 
It is known, that if maximum daily concentration of dust ɋ(t) can be regarded as a random function of normal 
stationary process [15-16], the average number of times exceeding level ɋnorm per time unit can be determined 
according to Rice’s formula [17-22]: 
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 where KC(t) is correlational function, i.e. the value of correlation function of velocity at zero.  
The average duration of exceedance of fixed level ɋnorm can be calculated using the following formula: 
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 where Ɏ(t) is Laplace integral function, 
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 Let us look at the example of calculation of the probability of dust concentration exceeding hygienic standards 
based on Volgograd numbers. To determine the average residence of suspended particles above permissible level in 
the air of urban environment 8 districts were assessed: Traktorozavodskoy, Krasnooktyabrsky, Dzerzhinsky, 
Central, Voroshilovsky, Sovetsky, Kirovsky, and Krasnoarmeysky. The study was conducted in 2014 with data 
collection over a period of 9 months (March through November) when weather conditions were the most favorable 
for high dust concentration in the air. In each district samples were taken during morning, afternoon and evening 
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rush hours when traffic was the most intense. Daily maximums were determined and samples (volume n=70) of 
daily maximum concentration of dust were collected.  
Let us consider the examples of calculations for three districts of Volgograd:  Kirovsky, Traktorozavodskoy and 
Krasnooktyabrsky. To establish the distribution rule of maximum daily dust concentration in Volgograd districts, 
its’ type and parameters were determined. Estimates of distribution parameters calculated from samples are 
presented in Table 1.  
Table 1. Estimates of the parameters of dust concentration distribution functions 
Name of the district
Parameters  of dust concentration distribution functions
Average value, Ɇɋ Dispersion, V2 Standard deviation,V Mean Median
Kirovsky 0,4565 0,0128 0,1131 0,4200 0,4410 
Traktorozavodskoy 0,4914 0,0203 0,1423 0,4600 0,4700 
Krasnooktyabrsky 0,4598 0,0179 0,1337 0,4617 0,4419 
 
By the type of the distribution histograms (Fig. 1) of data sample analysis and the evaluation of the distribution 
parameters for each district it can be hypothesized that maximum daily dust concentration follows normal or 
lognormal laws. Verification of these assumptions about normal and lognormal laws was conducted using Chi-
square test and Kolmogorov-Smirnov test with the significance level U = 0,01. The sample from each district was 
divided into 10 groups. The results of the calculated statistics are displayed in Table 2.  
Table 2. The statistical values for samples 
District names Distribution law 
Statistical values 
Chi-square Kosmogorov-Smirnov 
2F  d O 
Kirovsky 
normal 
lognormal 
5,2990 
3,9004 
0,0504 
0,0303 
0,4216 
0,2538 
Traktorozavodskoy 
normal 
lognormal 
7,4897 
5,3652 
0,0731 
0,0379 
0,6117 
0,3172 
Krasnooktyabrsky 
normal 
lognormal 
7,2394 
4,7849 
0,0455 
0,0213 
0,3780 
0,1785 
 
According to the table of critical Chi-square points for a given level of significance U = 0,01 and the number of 
degrees of freedom k = 7 the critical point is 2 18, 47531krF  . Because 
2 2
krF F  for all districts, the both hypotheses 
about the normal and lognormal laws are consistent with the experimental data.  
To apply Kolmogorov-Smirnov criterion let us calculate the value of d nO   (Table 2). The critical value of O0 
= 1,63 is determined according to the Kosmogorov table of critical values.  As in all instances O < O0, at the 
significance level of U = 0,01  the hypotheses about normal and lognormal laws are also consistent with the 
empirical data. Considering that for lognormal law the values of statistics F2 and d are less than corresponding 
statistics for the normal law, the empirical data is in better agreement with lognormal law for these three districts of 
Volgograd. Similar results were obtained for the other five districts.  
As a consequence of this result, Rice’s formula can be used to predict the nature of exceedance of air dustiness 
standards on the released territories.  
Thus, the density function f(C) and the integral function F(C) of the lognormal distribution for maximum daily 
dust concentration in each district were determined using the following formulas (45): 
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 An example of the density function of lognormal distribution of maximum daily dust concentration for Kirovsky 
district in shown on Fig. 1.  
 
Fig. 1. The histogram and theoretical distribution curve of maximum daily dust concentration in Kirovsky district of Volgograd 
As the maximum daily dust concentration ɋ(t) can be considered as a random function [23], the input data for the 
three districts of Volgograd are sections of the random process at the same time (date),  here denoted 1, 2, .., 70. In 
that case the random function is reduced to a system of 70 random variables corresponding to the sections of t = 1, 2, 
.., 70. Then, the following characteristics of random variables ɋ(1), ɋ(2),…, ɋ(70) were determined: mathematical 
expectation, variance and standard deviation.  
To assess the elements of correlational matrix, variance and correlational moment were determined using the 
Covariance mode of Microsoft Excel. Using the Correlation mode in Excel, the matrix of normalized correlational 
function K(W) was obtained. Judging directly from the data obtained as a result of processing, it is possible to 
conclude that random function ɋ(t) is not stationary: its’ mathematical expectation and variance change over time; 
the value of normalized correlation function along the parallels of the main diagonal are not constant either. 
However, taking into account a limited number of implementations and, as a consequence, a large element of 
randomness in the resulting estimates, these noticeable departures from stationarity are unlikely to be significant, 
especially since they do not follow a pattern.  
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Fig 2. Correlational function 
Therefore, approximate substitution of function C(t) with a stationary function will be quite reasonable. 
To bring the function to stationary, averages of time were determined for mathematical expectation, variance and 
standard deviation: Ɇɋ=0,4693; DC=0,0099; VC=0,0994  
Based on average scores of normalized correlation function K(W), its values were obtained.  The graph of those 
values is presented in Fig. 2. 
For some Ĳ values of the correlational function are negative. This indicates that the structure of random function 
has some pattern. Because of that, at a distance of time equal to approximately half a period of major fluctuations 
there is a negative correlation between the values of random function: positive deviations from mean in one section 
correspond to negative deviations after a certain period, and vice versa.  
Levenberg-Marquardt method was used to obtain the equation of the correlation function. The following 
functions were considered as approximate correlation functions: 0,029( ) 0,1849K e WW  , 
20,4624( ) 1,584K e WW   and 
0,4782( ) sin(1, 2447 )K e WW W  .  The studies have shown that the most suitable function in our case is 
 ( ) sinaK e bWW W  Fig. 3, where a = 0,4782; b = 1,244. 
 
Fig. 3.  Approximate function 0,4782( ) sin(1, 2447 )K e WW W   
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 Then the average number of exceedance of level ɋnorm=0,5 mg/m
3 per time unit in each of three districts was 
0.55, according to formula (1), and an average duration of exceedance of fixed level was 0,26 days, according to 
formula (3). 
Similar studies were conducted to determine the probability of exceeding ɊɆ10. The average number of 
exceedances of standard level of 0,3 mg/m3 for the concentration of less than 10 mcm is 0,52 for each district; the 
average duration of exceedance above fixed level is 0,12 days..   
The calculations were confirmed by the field studies carried out in 2015 in Volgograd in the same districts. The 
discrepancy between the empirical and theoretical results did not exceed 19%.  
3. Conclusions 
The suggested in the article method allowed to forecast the number and duration of exceedances of standards of 
dust concentration in the air of Volgograd.  
The comparison of the calculations of exceedances obtained using this methodology in 2014 with field 
measurements in 2015 showed the discrepancy of less than 19%.  
Based on this research recommendations were made to a number of industries in the city on the reduction of 
emissions during the release of some of their territories and the reduction of the sanitary protection zone [24]. For 
example, the sanitary protection zone of Red October plant was reduced more than 1.5 times.  
This method can be relevant for other major cities.  
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